We present observations of the 5 1,5 →4 2,2 transition of water vapor at 325.15 GHz taken with the CSO telescope towards Orion IRc2. The emission is more extended than that of other molecular species such as CH 3 OH. However, it is much less extended than the emission of water vapor at 183.31 GHz reported by Cernicharo et al (1994) . A comparison of the line intensities at 325.15 GHz and 183.31 GHz puts useful constraints on the density and temperature of the emitting regions and allows an estimate of H 2 O abundance, x(H 2 O), of ≃10 −4 in the Plateau and ≃10 −6 -10 −5 in the Ridge.
Introduction
Water vapor is an important molecule for the chemistry of interstellar and circumstellar clouds. The 6 16 -5 23 masing transition of H 2 O at 22 GHz, which arises from levels around 700K, has been used since its detection by Cheung et al. (1969) to trace high excitation gas around star forming regions and evolved stars. The size of the emitting regions at that frequency is typically of the order of a few milliarcseconds (a few 10 13 cm). Hence, no information has been obtained from this line on the role of H 2 O at large spatial scales. Other H 2 O lines have been detected from ground or airborne based telescopes like the 3 13 -2 20 transition at 183 GHz (Waters et al., 1980; Cernicharo et al. 1990 Cernicharo et al. , 1994 Cernicharo et al. , 1996 González-Alfonso et al. 1994 , 1998 , the 4 14 -3 21 transition at 380 GHz (Phillips, Kwan and Huggins 1980) , the 10 29 -9 3,6 transition at 321 GHz (Menten, Melnick and Phillips 1990a ) and the 5 15 -4 22 transition at 325 GHz (Menten et al. 1990b ). Also, the 1 10 -2 01 transition of H 18 2 O at 547 GHz has been observed by Zmuidzinas et al. (1994) . Among these lines only the 3 13 -2 20 transition at 183 GHz has been used to map the emission of H 2 O at very large spatial scale hereafter referred to as Cer94). The map of the Orion molecular cloud shown in Cer94 is 6 orders of magnitude larger than the size of the spots detected at 22 GHz and for the first time an H 2 O abundance estimate was derived for the different large scale components of the Orion molecular cloud.
The ISO satellite has provided the opportunity to observe thermal lines of water in the middle and far-infrared (see the reviews by van Dishoeck 1997; Cernicharo 1997; and Cernicharo et al 1997a,1998) . Mapping of the SgrB2 molecular cloud by Cernicharo et al. (1997b) has definitely shown that water vapor is an ubiquitous molecule in molecular clouds with an abundance of 10 −5 . Maps of the emission of several H 2 O lines in Orion IRc2 have been obtained by Cernicharo et al. (1997a Cernicharo et al. ( , 1998 Cernicharo et al. ( , 1999 . Observations of the central position have been also obtained by van Dishoeck et al. (1998) , and Harwit et al. (1998 
Observations
The observations were performed with the 10.4 m telescope of the Caltech Submillimeter Figure 1 shows the observed spectrum which matches very well the previous observation by Menten et al. (1990b) except for the line intensity (see below).
The pointing was determined by observing the same line towards the O-rich evolved star VY CMa and was found to be accurate to 5". The weather conditions were very stable during the observations with an atmospheric pressure and temperature of 620 mb and -1.4 o C respectively. The relative humidity was measured to be 4-5%. The measured opacity from tipping scans at 225 GHz was ≃0.025. During the same night we performed broadband
Fourier Transform Spectroscopy (FTS) measurements of the atmospheric absorption with the FTS described in Serabyn and Weisstein (1995) . Model calculations using the multi-layer atmospheric radiative transfer model ATM (Cernicharo 1985 (Cernicharo ,1988 Pardo 1996) yielded an estimated precipitable water vapor column above the telescope of ∼200 µm, which corresponds to a zenith transmission at 325.15 GHz of ∼ 60% (the corresponding value for the image side bande was ∼ 87%, hence the line intensities for the image sideband features are overstimated by a factor ∼ 2).
The heterodyne H 2 O data were calibrated using an absorber at ambient temperature.
The calculated system noise temperature, for the signal sideband, was ≃2100 K. The Orion spectrum shown in Figure 1 shows that the lines from the image sideband are weaker than the 325 GHz H 2 O line, i.e., just the opposite of that occurring in the spectrum of Menten et al. (1990b) . Rather than a variation of the maser emission (the H 2 O line profile in Figure   1 is identical to that shown in Menten et al. 1990b) we think that this difference is due to much better atmospheric transmission during our observations. We estimate that our intensity scale is correct to within 20-30%. The Orion-IRc2 map was carried out in position switching mode by using the on-the-fly procedure with an off position 5' away in azimuth. The spatial distribution of the 325 GHz emission is shown in Figure 2 together with that of CH 3 OH (from the image side band) and the 183 GHz emission from Cer94. Integrated intensity maps for 
Results and Discussion
The observed 5 15 -4 22 line profile towards the center position looks similar to that of the Even for relatively low column densities (N(p-H 2 O)= 2 10 17 cm −2 ), low temperatures (100 K) and volume density (3 10 5 cm −3 ), the 183 GHz line has an intensity larger than 10 K (see Cer94). However, the possibility of appreciable amplification for the 5 15 -4 22 line is much more restricted than for the 183 GHz line, due to the high energy of the levels involved in the 325
GHz line (≈ 450 K), and to the higher frequency and Einstein coefficient of this transition.
This fact explains the difference in spatial extent between both transitions, so that the the 325
GHz line is spatially restricted to the Plateau while the 183 GHz line is in addition detected in the Ridge (Cer94).
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The water vapor column density that fits the observed log R= 1 − 1.3 depends strongly on the assumed values of n(H 2 ) and T k . The higher n(H 2 ) and T k , the lower N(p-H 2 O) that is needed to obtain an appreciable amplification of the 325 GHz line. Fig. 4 shows that R= 10 − 20 is obtained in different panels for N(p-H 2 O) ranging from 3 10 17 cm −2 (n(H 2 )=3 10 regions with very high densities and temperatures (which will give rise, for example, to the emission at 22 GHz and to the narrow spectral features observed at 183 and 325 GHz), but these will be much smaller than the observed size of the cloud. The widespread emission from the Plateau we observe at 183 GHz and 325 GHz is only compatible with moderate values of n(H 2 ) and T k . In our models, the 22 GHz line will have intensities similar to those already observed in Orion (Genzel et al, 1981) only for the highest kinetic temperatures and volume densities in Figure 4 . The brightest spots at 22 GHz could be correlated with the narrow features at 183 GHz, and with the relatively weak lines at 325 GHz. Brightness temperatures above 10 6 K can be obtained for large column densities, T K >150 K and n(H 2 )>10 6 cm −3 .
Lower limits for n(H 2 ) and T k can be obtained from the observations of other molecular lines (e.g., Blake et al. 1987) , so that we adopt n(H 2 )≥10 6 cm −3 and T k =100-150 K. Our models and the 183 GHz data provide an estimate for x(H 2 O) of a few 10 −6 -10 −5 (see Cer94) which is in good agreement with our ISO results (see Cernicharo et al. 1998 Cernicharo et al. , 1999 .
The comparison of several masing transitions arising in relatively low energy levels of H 2 O allows us to constrain the physical conditions of the different emitting regions. So far, ground-based observations of these transitions with large radio telescopes are the only means to obtain the spatial distribution of H 2 O in interstellar clouds. to a different molecular hydrogen density (n(H 2 )=3 10 5 , 10 6 , and 3 10 6 cm −3 -rows a, b and c).
